SPECIFICATION 



To All Whom It May Concern: 

Be It Known That We, Curtis Goad, citizen of the United States, resident of the City 
of Ellisville of the State of Missouri, whose full post office addresses is 260 Old State Road, 
Ellisville, Missouri 63021-5941; 

Fred Dyer, citizen of the United States, resident of the City of Newport News of the 
State of Virginia, whose full post office addresses is 446 Winterhaven Dr., Newport News, 
Virginia 23606-2533; and 

James R. Carl, citizen of the United States, resident of the City of Houston of the 
State of Texas, whose full post office addresses is 16122 Rill Lane, Houston, Texas 77062; 

have invented certain new and useful improvements in a 

LEAK DETECTION APPARATUS FOR LINED VESSELS 
AND METHOD OF USE 



Express Mail No. EV 383194852 US 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Not Applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 

[0003] Storing and transporting hazardous fluids in vessels can be a dangerous 

business. Hazardous fluids are often extremely corrosive causing vessel interiors to 
deteriorate very rapidly. To slow the deterioration, many vessel interiors are coated 
with a non-corrosive lining, such as Teflon, Rubber, Fiberglass Reinforced Plastic, and 
others. Even with the use of non-corrosive linings, all vessels eventually wear and 
deteriorate ultimately producing cracks that can leak hazardous fluid into the 
environment. In addition to harming the environment, these leaks can be violations of 
the law. In an effort to protect the environment and follow the law, an entire industry 
has developed creative technology to detect and prevent leaks in these vessels. While 
some of this technology has been successful in detecting leaks, it has also proven to 
be expensive, labor-intensive, and sometimes unreliable. 

[0004] One popular method for detecting leaks in a vessel is Holiday spark testing. 

This method comes in two varieties, low-voltage and high-voltage. Using the low 
voltage method, a ground wire and a lead wire are connected to a low-voltage battery. 
The ground wire is connected to the outside of a vessel and the lead wire is connected 
to a wet sponge. In operation, the wet sponge is moved over the non-corrosive lining. 
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If there is a crack in the lining, the circuit is completed activating an audible or visual 
indicator. 

[0005] While this device is inexpensive and relatively easy to use, it has drawbacks. 

First, the vessel in service must be completely empty of fluid and dry before spark 
testing can begin due to safety and operational concerns. This has a number of 
consequences. If not completely dry, any remaining fluid in the vessel can cause a 
short and falsely indicate a crack or the wrong location. Even worse, if the vessel 
contained flammable fluids there is the risk of igniting the remaining fluid. Another 
consequence of removing the fluid from the tank is that some cracks may become 
undetectable with the fluid removed. 

[0006] When a vessel is filled with fluid, the pressure exerted on the vessel by the 

specific gravity and temperature of the fluid can enlarge cracks that otherwise shrink 
and disappear when the fluid is removed and the pressure is relieved. A second 
drawback of low-voltage testing is that spark testing is not sensitive enough to indicate 
inadequate thickness in the tank lining, which leads to premature failure of the lining. 
Third, locating a crack in the lining with this device is very time consuming. To operate 
a spark tester, an operator must manually sweep the spark tester over the entire lining 
of the tank. Not only is this process time consuming, but it also requires a degree of 
skill and experience from the operator. Finally, this method is not capable of early 
detection of weakness in the lining, such as thinning. It only detects weaknesses that 
have developed into full-fledged cracks. As a result, spark testing must be routinely 
performed to detect cracks quickly after they develop to prevent leaking. All of these 
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disadvantages result in high maintenance and repair costs along with loss of 
production time. 

[0007] High-voltage spark testing is very similar to low-voltage spark testing, except 

an electrode is used instead of a wet sponge and a high-voltage power source is used 
instead of a low-voltage battery. When a crack in the lining is detected, an electrical 
arc is visible between the electrode and the lining. The electrical arc acts as a visual 
indicator of a crack in the lining. The high-voltage power source allows this method to 
indicate inadequate thickness in the tank lining. Like low-voltage spark testing, the 
tank must be empty of fluid and dry. This method has all the same drawbacks as low- 
voltage spark testing. In fact, there is an increased risk of igniting residual flammable 
fluids. Additionally, repeated high-voltage spark testing leads to breakdown of the 
lining. Again, these disadvantages result in high maintenance and repair costs along 
with loss of production time. 

[0008] Other methods for detecting leaks allow for continuous testing while the 

vessel is still filled with fluid. One such method is specifically described in U.S. patent 
#5,214,387, hereafter referred to as '387. Multiple probes are embedded in a vessel 
wall at various depths. A separate probe is submerged in the fluid within the vessel. 
An electrical monitor connected to all the probes communicates an electrical signal 
through the submerged probe into the fluid. If a crack in the vessel lining develops, 
fluid will penetrate the crack and contact the probes in the vessel wall, thus, completing 
an electrical circuit. The electrical monitor registers this signal and activates an audible 
or visible indicator. 
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[0009] However, there are numerous problems with this method of leak detection. 

First, the ability to detect leaks is dependent on the number and placement of the 
probes. Therefore, leaks that develop in an area not monitored by a probe may never 
be detected. To address this concern, '387, discloses a mat built within the entire 
structure of the vessel. However, this only results in another problem. A mat will 
detect a leak anywhere in the vessel, but will not indicate exactly where the leak is 
located. Consequently, Holiday spark testing must be subsequently performed to 
identify the actual location of the leak. A second problem with this method is 
contamination and corrosion of the probes. When this happens, the probes become 
ineffective preventing detection of leaks. These problems can result in the non- 
detection or late detection of a leak resulting in increased expenses for maintenance 
and repair. 

[0010] Another method for continuous testing while the vessel is still filled with fluid 

is specifically described in U.S. patent #5,378,991, hereafter referred to as '991. In this 
method, the vessel has an inner conductive layer. It also has a probe that is 
submerged in the fluid. An electrical monitor connected to the inner conductive layer 
communicates an electrical signal through the submerged probe into the fluid. If a 
crack in the vessel lining develops, fluid will penetrate the crack and contact the inner 
conductive layer, thus, completing an electrical circuit. The electrical monitor registers 
this signal and activates an audible or visible indicator. 

[0011] However, the problems with this method of leak detection are similar to the 

method in '387. First, the inner conductive layer will detect any leak present in the 
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vessel, but will not indicate exactly where the leak is located. Consequently, Holiday 
spark testing must be subsequently performed to identify the actual location of the leak. 
A second problem with this method is contamination and corrosion of the probe. When 
this happens, the probe becomes ineffective preventing detection of leaks. These 
problems can result in the non-detection or late detection of a leak resulting in 
increased expenses for maintenance and repair. 
[0012] Fortunately, the present invention overcomes the problems associated with 

methods described above. Using the present invention, both leaks and premature 
wearing can be detected while a vessel is filled with fluid, preventing high maintenance 
costs along with lost production time. In addition, the present invention specifically 
pinpoints the location of leaks in a vessel. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Briefly stated, a first embodiment of the invention is a leak detection 

apparatus comprising a power supply that supplies an electric current to a probe. The 
probe supplies the electric current to the fluid of a fluid-filled vessel, and senses current 
density to communicate an electrical signal to a current density meter. The current 
density meter measures the electrical signal and communicates a current density 
reading. 

[0014] A second embodiment of the invention is a leak detection apparatus 

comprising an integrated power supply and current density meter that supplies an 
electric current to a probe. The probe emits an electrical signal to a fluid-filled vessel 
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and senses current density to communicate an electrical signal to the integrated power 
supply and current density meter. The integrated power supply and current density 
meter measures the electrical signal and communicates a current density reading. 

[0015] A first method of use comprises the steps of inserting a probe into a fluid- 

filled vessel and communicating an electric current from a power supply to the probe. 
The probe senses a current density and communicates an electrical signal from the 
probe to a current density meter. The current density meter measures the electrical 
signal and determines a current density reading. The current density reading Is 
communicated to an operator. 

[0016] A second method of use comprises the steps of inserting a directional 

amplifier into a fluid-filled vessel and inserting a torroid into the fluid-filled vessel. A 
power supply communicates an electric current to the directional amplifier. The torroid 
senses a current density and communicates an electric signal to a current density 
meter. The current density meter measures the electric signal and determines a 
current density reading. The current density reading is communicated to an operator. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0017] In the accompanying drawings which form part of the specification: 

[0018] Figure 1 is a perspective view of a first embodiment of a leak detection 

apparatus inspecting a tank. 
[001 9] Figure 2A is a front view of a first embodiment of a probe. 

[0020] Figure 2B is a side view of a first embodiment of a probe. 
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[0021 ] Figure 3A is a front view of a second embodiment of a probe. 

[0022] Figure 3B is a side view of a second embodiment of a probe. 

[0023] Figure 4 is a perspective view of a second embodiment of a leak detection 

apparatus inspecting a tank. 

[0024] Corresponding reference numerals indicate corresponding parts throughout 

the several figures of the drawings. 
DESCRIPTION OF THE EMBODIMENT 

[0025] The following detailed description illustrates the invention by way of example 

and not by way of limitation. The description clearly enables one skilled in the art to 
make and use the invention, describes several embodiments, adaptations, variations, 
alternatives, and uses of the invention, including what is presently believed to be the 
best mode of carrying out the invention. 

[0026] As shown in FIG. 1, a first embodiment of a leak detection apparatus 1 

comprises a current density meter 10, a power supply 20, and a probe 30. The current 
density meter 10 is a readily available device, such as the Model CD-300 sold by 
Industrial Instruments, Inc., 446 Winterhaven Dr., Newport News, VA 23606. The 
current density meter 10 receives an electrical signal representing current density for 
measurement. Using the electrical signal, the meter 10 measures and communicates a 
current density reading to a display in the units of Amp/ft 2 . The Model CD-300 is 
sensitive enough to measure current density in a range of 0.1 Amp/ft 2 to 1999 Amp/ft 2 . 
Although FIG. 1 discloses the current density meter 10 as the Model CD-300, other 
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types of current density meters can be substituted to achieve varying ranges of 
sensitivity. 

[0027] The power supply 20 is a readily available device, such as 6-volt power 

supply. The power supply 20 includes a power wire 21 for supplying an electrical 
current and a ground wire 22 for electrical grounding. The electrical current supplied 
by the power supply 20 can be either an AC or DC current in a range capable of 
measurement by the current density meter 1 0. 

[0028] While FIG. 1 discloses a separate power supply 20 and current density meter 

10, those skilled in the art will recognize that the power supply 20 and meter 10 can be 
combined into a single device. 

[0029] As shown in FIGS. 2 and 3, the probe 30 comprises a torroid 31, a handle 

32, a protective coating 33, a directional amplifier 34, and an output wire 36. The 
torroid 31 is a ferromagnetic ring for sensing current density. It is electrically 
connected to the current density meter 10 by the output wire 36. The handle 32 is a 
rod for supporting the torroid 31. The torroid 31 is affixed to the end of the handle 32. 
The torroid 31 and handle 32 are covered by a protective coating 33. The protective 
coating 33 is a chemically resistant coating that protects the torroid 31 and handle 32 
from the corrosive chemicals to which the probe 30 is exposed during operation. The 
protective coating 33 can comprise any appropriate material, such as a non-corrosive 
polymer. 

[0030] As shown in FIG. 2B, a first embodiment of the directional amplifier 34 is a 

rod with a ball 38 affixed to the end. The amplifier 34 is affixed to the handle 32 so that 

Express Mail No. EV 3831 94852 US 9 



the center of the ball 38 is aligned with the centerline of the torroid 31 at an effective 
distance. The effective distance from the torroid 31 is a distance that maximizes the 
reading of current density by the current density meter 10. The amplifier 34 is 
electrically connected to the power supply 20 via the power wire 21 for receiving an 
electrical current. 

[0031] As shown in FIG. 3B, a second embodiment of the directional amplifier 34 is 

a rod with a C-shaped end 37. The amplifier 34 is affixed to the handle 32 so that the 
tip of the C-shaped end 37 is aligned with the centerline of the torroid 31 at an effective 
distance. The effective distance from the torroid 31 is a distance that maximizes the 
measurement of current density by the current density meter 10. The amplifier 34 is 
electrically connected to the power supply 20 via the power wire 21 for receiving an 
electrical current. 

[0032] While FIGS. 2 and 3 disclose a first and second embodiment of the 

directional amplifier 34, other shapes and sizes may be used to maximize the reading 
of current density by the current density meter 10. In addition, the amplifier 34 may be 
made from any applicable conductive material. 

[0033] In operation, the probe 30 is inserted into an opening 41 of a fluid filled 

vessel 40 with a non-conductive lining. The power supply 20 outputs an electrical 
current through the power wire 21 to the directional amplifier 34 of the probe 30. The 
electrical current flows from the directional amplifier 34 into the fluid in the vessel. An 
operator directs the probe 30 to any area where a crack 50 or premature wearing in the 
lining is suspected so that a bore 39 of the torroid 31 and directional amplifier 34 point 
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at the suspected crack 50 or premature wearing. When a crack 50 or premature 
wearing is present, a conductive path is present which attracts the electrical current 
flowing from the directional amplifier 34, resulting in an increase in the current density 
around the crack 50 or premature wearing. The torroid 31 senses this increase in 
current density and sends a corresponding electrical signal to the current density meter 
10. Therefore, if a crack or premature wearing is present, the current density reading 
communicated by the current density meter 10 will be very high, such as about 3,000- 
6,000mA, assuming a 6-volt electrical current output from the power supply 20. 
However, if no crack 50 or premature wearing is present there is no conductive path 
and the current density reading will be very low, such as about 0-1 000mA. Therefore, 
the present invention can pinpoint the location of cracks and premature wearing in a 
fluid-filled vessel before any leaks occur. It should be noted that the high and low 
ranges described here are merely exemplary and can vary with different power 
supplies, vessels, fluids, directional amplifiers, temperatures, and other conditions. 
[0034] A very high current density reading may also indicate a bypass. A bypass is 

a conductive path in the vessel other than a crack or premature wearing. This is 
usually caused by faulty insulators within the vessel. An operator using the leak 
detection apparatus 1 can distinguish between a crack 50 and a bypass by observing 
where the probe is pointed in conjunction with the readings from the meter 10. If the 
meter 10 communicates a high current density reading while the probe 30 is pointed at 
an insulator, the meter 10 is most likely indicating a bypass. If the probe 30 is pointed 
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at a lined vessel wall and the meter 10 is showing a high reading, there is most likely a 
crack 50 or premature wearing of the lining. 

[0035] FIG. 4 illustrates a second embodiment of a leak detection apparatus 100. It 

is important to note that while the first embodiment operates by maximizing a current 
density reading to locate the cracks, the second embodiment operates by minimizing a 
current density reading to locate a cracks. The second embodiment of a leak detection 
apparatus 100 comprises a current density meter 110, a power supply 120, a torroid 
131, and a directional amplifier 134. In the second embodiment, the torroid 131 and 
directional amplifier 134 are not attached to form a single probe 30 as in the first 
embodiment. Instead, the torroid 131 and directional 134 remain independent. 

[0036] The current density meter 110 is a readily available device, such as the 

Model CD-300 sold by Industrial Instruments, Inc., 446 Winterhaven Dr., Newport 
News, VA 23606. The current density meter 110 receives an electrical signal 
representing current density for measurement. Using the electrical signal, the meter 
110 measures and communicates a current density reading to a display in the units of 
Amp/ft 2 . The Model CD-300 is sensitive enough to measure current density in a range 
of 0.1 Amp/ft 2 to 1999 Amp/ft 2 . Although FIG. 4 discloses the current density meter 110 
as the Model CD-300, other types of current density meters can be substituted to 
achieve varying ranges of sensitivity. 

[0037] The power supply 120 is a readily available device, such as 6-volt power 

supply. The power supply 120 includes a power wire 121 for supplying an electrical 
current and a ground wire 122 for electrical grounding. The electrical current supplied 
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by the power supply 120 can be either an AC or DC current in a range capable of 
measurement by the current density meter 1 1 0. 

[0038] As shown in FIGS. 4, the torroid 131 further comprises, a handle 132, a 

protective coating 133, and an output wire 136. The torroid 131 is a ferromagnetic ring 
for sensing current density. It is electrically connected to the current density meter 110 
by the output wire 136. The handle 132 is a rod for supporting the torroid 131. The 
torroid 131 is affixed to the end of the handle 132. The torroid 131 and handle 132 are 
covered by a protective coating 133. The protective coating 133 is a chemically 
resistant coating that protects the torroid 131 and handle 132 from the corrosive 
chemicals to which they are exposed during operation. The protective coating 133 can 
comprise any appropriate material, such as a non-corrosive polymer. 

[0039] The directional amplifier 134 is a rod with a ball 138 affixed to the end. The 

amplifier 134 is electrically connected to the power supply 120 via the power wire 121 
for receiving an electrical current. Those of ordinary skill in the art will recognize that 
other shapes and sizes may be used to minimize the reading of current density by the 
current density meter 110. In addition, the amplifier 134 may be made from any 
applicable conductive material. 

[0040] In operation, the torroid 131 and directional amplifier 134 are both inserted 

into an opening 141 of a fluid filled vessel 140 with a non-conductive lining. The power 
supply 120 outputs an electrical current through the power wire 121 to the directional 
amplifier 134. The electrical current flows from the directional amplifier 134 into the 
fluid in the vessel. An operator directs the torroid 131 to any area where a crack 50 or 
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premature wearing in the lining is suspected so that a bore 139 of the torroid 131 aligns 
perpendicularly with the suspected crack 150 or premature wearing. When a crack 150 
or premature wearing is present, a conductive path is present which attracts the 
electrical current flowing from the directional amplifier 134. A torroid 131 placed 
perpendicular to the crack 150 is also perpendicular to the flow of current to the crack 
150. Consequently, the presence of a crack reduces the torroid's ability to sense 
current density. As a result, the torroid 131 sends a corresponding electrical signal to 
the current density meter 10. Therefore, if a crack or premature wearing is present, the 
current density reading communicated by the current density meter 110 will be very 
low, such as about 0-1 000mA, assuming a 6-volt electrical current output from the 
power supply 20. However, if no crack 150 or premature wearing is present there is no 
conductive path and the current density reading will be very high. Therefore, the 
present invention can pinpoint the location of cracks and premature wearing in a fluid- 
filled vessel before any leaks occur. It should be noted that the high and low ranges 
described here are merely exemplary and can vary with different power supplies, 
vessels, fluids, directional amplifiers, temperatures, and other conditions. 
[0041] Changes can be made in the above constructions without departing from the 

scope of the invention, it is intended that all matter contained in the above description 
or shown in the accompanying drawings shall be interpreted as illustrative and not in a 
limiting sense. 
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